Innovative Water Sensitive Urban Design (WSUD) systems are being investigated at three locations to the north and south of Sydney, Australia. These systems contain porous concrete pipes that are designed so that stormwater exfiltrates through the permeable walls of the pipes into the surrounding substrate media material. The porous pipes and media material treat the passing stormwater. The primary aim of the overall project is to develop a model to describe the treatment effectiveness of confined WSUD systems. This paper focuses on the system located at the Weathertex Industrial Site, Heatherbrae. Due to wood processing operations that occur at this site, it is recognised that the surface runoff will carry a heavy organics loading. Granulated Activated Carbon (GAC) is recognised for its ability to reduce the concentration of dissolved organics present in both wastewater and stormwater. GAC was therefore chosen as a filtration media to be investigated at this site.
INTRODUCTION
In Australia, it is widely recognised that water is a scarce resource. Therefore the conservation and re-use of stormwater runoff is important to supplement the municipal water supply. The quality of the runoff is also important to ensure that it can be re-used, or discharged to a location where it will not have negative impacts.
In this study, three innovative Water Sensitive Urban Design (WSUD) systems are investigated. The systems are located at Mills Park Tennis Centre, Asquith, which services a high-use car park, Hindmarsh Park, Kiama, which services commercial, residential areas and a small recreational park, and the Weathertex Industrial Site, Heatherbrae, which services an industrial area.
These systems are confined stormwater filtration/infiltration systems that are positioned underground and are designed to minimise the impacts of stormwater runoff on the surrounding soils, vegetation and groundwater systems. The term confined refers to the retention of all pollutants within the media surrounding the system. This is achieved either by lining the system with an impermeable membrane or by using reactive (or engineered) soils containing amelioratives such as granulated activated carbon (GAC), perlite or zeolite (Beecham et al., 2004) .
A diagram of the treatment system is presented in Figure 1 . The porous concrete pipes, supplied by HydroCon Australasia, are designed such that stormwater exfiltrates through the permeable walls of the pipe and filters through the surrounding substrate media material. One of the systems being investigated is located approximately two hundred kilometres north of the city of Sydney, at the Weathertex Industrial Site, Heatherbrae. Wood processing is the primary activity that occurs at this site and therefore it is recognised that the surface runoff will carry a heavy organics loading. GAC is recognised for its ability to reduce the concentration of dissolved organics present in both wastewater and stormwater (Chaudhary et al., 2003) . Therefore one of the filtration media being investigated at this site is native sand, mixed with a proportion of GAC.
To determine the amount of GAC that should be used in the field system and to maximise the effectiveness of the GAC, extensive laboratory studies were undertaken. The primary aim of the laboratory work was to determine an optimum GAC/sand ratio that should be used in the system. The dissolved organic carbon removal potential through sorption of various concentrations of GAC were investigated and assessed during the experimental work. The goal of this paper is to describe these laboratory experiments and discuss how they relate to the field system.
It is expected that this paper will be a useful information source for consultant engineers and council officers who are considering implementing WSUD treatment systems in areas where there are particularly sensitive soil and/or groundwater conditions, or in systems requiring enhanced treatment prior to use. It will also be helpful to researchers who are investigating pollutant retention in modified soil systems.
METHODS
Laboratory batch studies were carried out to gain an appreciation of the percentage dissolved organic carbon (DOC) reduction that could be expected using different quantities of GAC.
Synthetic Stormwater
Synthetic stormwater was utilised during all stages of the experimental work in accordance with the work of Davis et al. (2003) . Particulate pollutants were not considered during the laboratory studies, the focus was on dissolved pollutants. This is not a major concern, as in a real life system the majority of the particulates present in the runoff will be removed by prefiltration and sedimentation processes prior to the stormwater coming in contact with the filtration media. These processes occur in inlet pits and in the porous concrete pipe.
The concentration of DOC found in actual stormwater that was collected from the Weathertex site was used to assist with the development of a synthetic stormwater solution. Numerous samples were collected and sent for analysis at Sydney Analytical Laboratories ( The results indicate that the organics present within the stormwater at the site are primarily dissolved. The concentration of DOC ranges from approximately 5mg/L to 30mg/L, with an average value of approximately 15mg/L. This is the concentration used for the DOC in the synthetic solution. For DOC, humic acid was used in the synthetic stormwater solution.
The values for the other constituents are based on a synthetic stormwater developed by Davis et al. (2003) . The composition of the synthetic stormwater used for the laboratory work is presented in Table 1 . 
Filtration Media
Granulated Activated Carbon (GAC) sourced from James Cummings & Sons Pty Ltd was used during the laboratory studies. The main characteristics of the GAC are presented in Table 2 . Prior to the use of GAC in the laboratory work, it was washed three times with distilled water and then oven dried at 103.5 degrees Celsius for 24 hours. It was then kept in a desiccator before being used in the experiment. 
Experimental Procedure
All samples were filtered using 0.45µm nylon filters prior to testing. Preservatives were added to the samples and all samples were refrigerated to increase the allowable storage time prior to analysis of the samples. The UTS Public Health Laboratory UV Persulfate TOC Analyser was used for sample testing. It is important to note that sample blanks were used to test the stability of the synthetic stormwater and testing was undertaken in duplicate for quality control. Three sets of batch tests were undertaken.
Batch Test One. 200mL of synthetic stormwater solution was combined with different amounts of GAC in conical flasks. These quantities were 0.1g/L, 0.5g/L, 1g/L, 2g/L and 5g/L. The flasks were placed on a shaker table for a period of 24 hours. Following the 24 hours of shaking, the concentration of DOC in each flask was measured.
Batch Test Two. Two GAC quantities were then selected for further experimentation. These quantities were 0.5g/L and 2g/L. The synthetic stormwater solution was combined with the GAC in conical flasks. The flasks were again placed on the shaker table. During this batch test the concentration of DOC was measured at different times during the total 24 hour period.
Batch Test Three. A batch experiment was also undertaken using an initial DOC concentration of approximately half that of the average concentration. This was undertaken to ensure that different initial DOC concentrations were accounted for. Two GAC quantities were also investigated during this experiment. These were 0.5g/L and 2g/L. The shaker table was again used and the flasks were placed on the table for 8 hours.
RESULTS AND DISCUSSION

Batch Test One
The results from the first batch test are presented in Figure 3 . The amount of GAC investigated is shown on the x-axis and the DOC concentration following the 24 hours of shaking is presented on the y-axis. The initial DOC concentration was 15.75mg/L. The results indicate that a larger quantity of GAC results in a greater reduction in DOC concentration, as expected.
Batch Test Two
The results from the second batch test are presented in Figure 4 . The amount of GAC sorbed per gram of GAC with respect to time is presented. The initial DOC concentration was 25mg/L. As expected the higher quantity of GAC results in a greater reduction in the DOC concentration. The results also indicate that with increasing time the concentration of DOC reduces. From Figure 4 , it is possible that the 24 hour data point for 0.5g GAC/L is spurious and this has been taken into account in the analysis. Based on investigations of the field systems at Asquith and Kiama, it has been identified that stormwater moves rapidly through these systems. This residence time has been observed as being typically less than one hour (Matuzic et al., 2001 ). If it is assumed that the relationship between the DOC percentage reduction and the amount of GAC / Litre of water is approximately linear, then the dashed line shown in Figure 7 would resemble the approximate relationship that exists if the residence time is one hour.
Initial DOC Concentration Variations. As indicated by the results, the initial synthetic solution DOC concentration for the three batch tests varied. It was intended that the concentration would be 15mg/L. This variation is due to difficulties with getting the humic acid to dissolve to the same DOC concentration each time. Chaudhary et al., 2003) 1g/L GAC (Chaudhary et al., 2003) 2.5g/L GAC (Chaudhary et al., 2003) 5g/L GAC (Chaudhary et al., 2003) Figure 8. Ratio between DOC and Initial DOC Concentration (C/Co) with Respect to Time
The study by Chaudhary et al. (2003) involved the study of wastewater and GAC, to establish a relationship between DOC concentrations and GAC amounts required for wastewater treatment. Chaudhary et al. (2003) had an initial TOC value of 3.5mg/L. In this study the DOC concentrations ranged from 15mg/L to 25mg/L. The composition of the wastewater that was used is comparable with this study in terms of nutrient concentrations.
Field System Design
The primary aim of the laboratory work was to determine the quantity of GAC to be used in the system at the Weathertex site. This was achieved by looking at the treatment efficiencies associated with different GAC to stormwater ratios for a one hour residence time, as found during the laboratory work and indicated in Figure 7 , and correlating the findings with the field system.
The total volume of filtration media to be used in the field system was specified by the system designers. The question to be resolved was the proportion of GAC and sand that should comprise this total volume. Different sand/GAC ratios were investigated ranging from 0% to 100%. It was assumed that the sand would provide negligible dissolved organics treatment of the stormwater. For each GAC/sand ratio the actual mass of GAC was determined together with the total quantity of stormwater that could fill the available pore space. A ratio was formulated between the parameters (kg of GAC / L of stormwater) and to each ratio a treatment efficiency was assigned based on the laboratory findings. The cost of the GAC required was also determined.
A cost benefit analysis of the different GAC proportions, led to a mix comprising 4% GAC and 96% sand to be chosen. The system has been installed at the Weathertex site with this GAC and sand mix. These materials were thoroughly mixed prior to their placement in the system. From the laboratory results, it is anticipated that the DOC concentration will be reduced by up to 91%. This is based on the assumption that the stormwater travels uniformly through the sand and GAC mixture.
It is important to remember that with time the system will begin to clog (or saturate) and as a result the treatment efficiency of the system will be reduced. It may be necessary to replace the GAC to ensure that the system is operating effectively. To quantify this degradation, further laboratory experiments are being undertaken and these are being supported by appropriate field investigations. The presence of biological activity will also increase with time and this will further aid with the treatment of the stormwater that enters the system.
CONCLUSIONS
This paper has provided design information for WSUD treatment systems in areas where there are particularly sensitive soil and/or groundwater conditions. By using reactive soils it has been shown that dissolved organics can be readily removed from stormwater.
The laboratory results described in this paper were used for the design of the WSUD system at the Weathertex Industrial Site, where a 25:1 sand/GAC ratio was adopted. The results obtained from the initial experimental work, along with field findings and future experimental results, will be used to assess the WSUD systems under investigation. This will aid with the overall project aim of developing a model of a confined WSUD system.
